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Fig. S1. LacY and YidC reconstituted into PE/PG phospholipid membranes. KCl, 20 mM Hepes, pH 7.4) and at room temperature as described (13). Scale bars, 500 nm (B and C) and 1 µm (D and E). The full-range color range of the AFM topographs corresponds to vertical scales of 7.8 nm (D) and 7.3 nm (E). Hepes, pH 7.4) and at room temperature as described (13). Scale bars, 500 nm (B and C) and 1 µm (D and E). The full-range color range of the AFM topographs correspond to a vertical scale of 7 nm. phospholipid membrane embedding native BetP. Every force-distance curve represents one folding experiment, which was recorded after a folding time of 5 s as outlined in Fig. 2 , but in the absence of insertase or translocase. Grey WLC curves are taken from the fingerprint pattern of native LacY (Fig. 1) .
The majority of single-molecule experiments (99.994% for empty membrane with n = 120'178, 99.995%
for LacY membrane with n = 139'393, and 99.995% for BetP membrane with n = 114'570) detected no interactions between the unfolded LacY polypeptide and the membrane such as exemplified by the first seven force-distance curves from the top. In very few cases (0.005-0.006%) the LacY polypeptide established interactions with the membrane, which were detected by single or multiple rupture events.
Force peaks of these rupture events did not coincide with the fingerprint pattern of native LacY and therefore were classified to indicate misfolding. Classification criteria for force peaks matching the unfolding fingerprint pattern of native LacY are described in fig. S6 . Force-distance curves are shown as raw data (pale red) and as smoothed (Savitzky-Golay filter) curves (dark red). curve corresponds to one experiment, which was conducted as outlined in Fig. 3 . WLC curves were taken from the unfolding fingerprint pattern of native LacY (Fig. 1) . WLC curves matching a force peak are shown in black with the structural segment unfolded named at the top. WLC curves not matching an unfolding force peak are shown in grey. Classification criteria for force peaks matching the fingerprint pattern of native LacY are described in fig. S6 . The majority of force-distance curves (64%, n = 172)
show only 1 force peak after 1 s folding time, thus indicating the structural segment from which the unfolded polypeptide starts insertion. The results show that SecYEG supports insertion of LacY from any structural segment S1-S10. (B) At longer folding times, the force-distance curves show increased number of force peaks. The majority of force-distance curves (81%, n = 204) show clustered force peaks, thus indicating that after insertion of the first structural segment the unfolded LacY polypeptide sequentially inserts neighbored structural segments until completing the native LacY fold. The data also show that after a folding time of 10 s some polypeptides completed the folding of native LacY. Force-distance curves are shown as raw data (pale red) and as smoothed (Savitzky-Golay filter) curves (dark red). The third lane shows that the majority of SecY-YidC fusion constructs were cleaved by the protease, which is reflected by the bands corresponding to SecY and YidC carrying each a His10-tag (compare fig. S2A ). Due to the random orientation of the SecY-YidC fusion constructs reconstituted in proteoliposomes not all SecY-YidC constructs were cleaved by the protease. To achieve higher efficiency of cleavage the cleaved SecYEG-YidC proteoliposomes were additionally incubated with PreScission protease (0.5 µM) after their adsorption to mica for 2 h. After the incubation time passed, the sample was washed to remove the protease and the single LacY insertion and folding experiments were started.
